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Phenology, the study of the progress of seasons, has an 
important place in investigations of wildlife, as in a.ny 
other study of free-living organisms, but unfortunately, 
phenological data are few and rather fragmentary. Dur- 
ing several years of study, I have gathered phenological 
material, such as the time of blooming of plants, freezing 
and thawing of lakes and rivers, and migration arrival and 

departure of birds. Scattered though it  may be, there 
appears to be a wealth of such data and a concerted efTort 
to gather i t  together would be desirable. Newspapers, 
for example, occasionally sponsor contests for guessing 
the moment when ice leaves rivers or harbors. Navign- 
tion records and travel journals, too, frequent,ly contain 
valuable phenological information. 
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Prowr I.-The fail freezing record of Lakes Mendota, Monona, and Wingra Madlson Wls. The smoothed dates are shown by the heavy curve; the upward swing of the curves 
indicates lite freezind, and, therefore, a late fall. 
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‘Z.-The fall freezing record of rivers. The upper curve is the 
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In  many cases it appears that phenological data are 
bet>ter for some wildlife coniparisons than temperature 
records theniselves, as the influence of temperature is 
“integrated,” so to speak. The effect of sudden cold 
spells is readily apparent nnd therefore well known. On 
the other hand, the effect of prolonged periods of adverse 
weather or even slightly unfavorable weather is less well 
linown ; yet it appears that prolonged periods of unfavor- 
able weather may throw a considerable strain upon the 
physiology of animals. 

Our literature is replete with commeiits on the effect of 
< L  early,” “late,” “cold,” and “waiiii” fnlls and springs 
and of “open,” “mild,” “hard,” and “long” winters. 
There appears to be no way of judging qunntitatively 
wha t such terms mean, for the decision is generally 
bound up with human psychology. People are prone to 
remember times or temperatures that have been unfavor- 
able or unplensan t. 

Freezing and thawing dates of Lakes hlonona ancl 
Rlendotn have been kept st the University of Wisconsin 
ancl the hlnclison weather station. The dat8es when ice 
left nearby Rock Lake a t  Lake hIills, were kept by 

Frank Foote from 1887 to 1915 and by Charles Kleist 
from 1916 to 1940. The thawing dates for Lake Geneva, 
Wis., were kept by Dr. Eclwin Frost from 1900 to 1930. 
Records a t  Lake Wingra have been obtained from the 
Chase records.’ The volumes of the DAILY RIVER 
STAGES have been combed for indications when rivers of 
Minnesota, Wisconsin and R’lichigan opened in the spring 
axid closed in the fall. The data are not always usnble 
because some observations began or ceased on fiscal or 
cnlendnr dates, but these mere generally recognizable as 
such. The data for the various river stations were 
averaged for each State (the number varying to 16 a year 
for any one State.) 

Study of the various data indicates that the fd l  freeze- 
up is a good indicator of a late or early fall. The spring 
thaw, on the other hand, is a good indicator of late or early 
spring. In  a like manner, the length of interval between 
a fall freeze and the following spring thaw indicates a 
long or short winter. The date of freezing and thawing 
is a function of teniperature, not for any one day or even 
for several dnys, but for ninny clays. Water has a high 
thermal capacity; hence, a protracted period is required 
in order to bring the water in condition for freezing or ice 
in condition for disappearing. 

The data for freezing, thawing, and the number of days 
of closure for the several lakes ancl rivers used in this study 
are given in tables 1-8, hlost of these data have not been 
published previously and, as far as I am aware, none in this 
form. 

The fall closing data for Lakes hlendota, Monona, and 
Wingra a t  Madison, Wis., are graphed in figure 1. The 
three lakes differ greatly in size: Mendota covers 25 square 
miles, Monona is about n third the size of Mendotn, and 
Wingrn embraces some 400 acres. The fall closing of the 
rivers of hlinnesota, Wisconsin, and hlichigan is graphed 
in figure 2. I t  should be noted that the upward swing of 
the curves indicates warm falls. The early records of 
Mendota and htonona clearly show a long period much 
colder than the average which terminated in the early 
seventies. The years since have been characterized by 
warmer falls (later freezing) even though there is a definite 
sequence of fluctuation between cold and warm. A com- 
parison between the temperature records themselves and 
the freezing dates shows a general similarity but a lesser 
tendency for the latter to pass suddenly from one extreme 
to another, probably becnuse of the integrating effect of 
water. 

The freezing and thawing dates indicate that winters 
a t  the bkginning of the record were longer, by approxi- 
mately 20 days than in recent years; the teniperature 
records a t  Madison, however, do not show this so clearly. 
The number of days closed-and thus the length of win- 
ters-is indicated by the graphs for the lakes and rivers 
(figs. 34). It is clear that the winters have been shorter 
since the eighties, and we may think of these as “milder.” 

An examination of the opening of lakes and rivers in the 
spring shows again that the period since the eighties has 
been characterized by earlier springs (figs. 5 and 6) ,  but 
the river records theniselves are too short to show this 

As a matter of comparison I constructed a separate 
figure to indicate the early or late fall, long or short win- 
ters, and early or late springs. On this graph (fig. 8) the 
wnrmer years-that is, later falls, shorter winters, and ear- 
lier springs-than the average are indicated by the rise 
of the curve above the mean line and for colder years, 
the drop of the curve below the mean line. This curve is 

(fig. 7). 

1 Leopold, Trans Wis. Acad. 8ci. Arts. dr Letters. 30:69-76. 
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FIGWE 3.-The length of winter as indlcnted by the number of days L&es Mendota. Mpnona, and WYingm were covered with ice. The upward swing of the curves indicates short 
wmters. 

not based upon the degree of warniness and coldness; it 
indicates only that the year is above or below average. 
The periods that are warmer or colder than average as 
shown by the smo0t.h curve nre indicated by heavy lines 
placed above or below, respectively. It is clear that the 
early years of records were distinctly colcler than more 
recent ones. 

I n  order t o  see if any systematic relation might exist 

between a series of years, I compared the springs, falls, and 
winters with each other on a moving thee-year basis- 
that is, if one year were col.cl.er or warmer than the preced- 
ing, what was t,he possiblllty that the succeedmg year 
would be colder or warmer? I also compared the years 
on the basis of one year colder or warmer than the average 
to debermine the possibility that the succeeding year would 
be colder or warmer than the average itself. These compari- 
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sons gave results varying from nearly even to nearly 2 to 1 
(table 9). 

A third compaxkon, that of one year colder or warmer 
than the average and the succeeding year colder or warmer 
than the year of comparison itself, gave rather consistent 
results. These varied between 3.3 to 1 and 2.4 to 1 
(tables 10-12). The possibilities of predicting the general 
pattern of the future year in relation to the present year 
seems to be far better than guess work, especially if the 
lake and river date are used as indicators. 

If the present fall is warmer than the average, the proba- 
bilities are 3.3 to 1 that the nest will be colder than the 
present fall, but if the present €all is colder than the aver- 
age the probabilities are 2.4 to 1 that the next will be 
warmer. If the present winter is warmer than the average, 
the probabilities are 2.6 to 1 that the next winter wi!l be 
colder than the present winter, but if the present winter 
is colder than the average the probabilities are 2.4 to 1 
that the next will be warmer. If the present spring is 
warmer than the average the probabilities are 2.8 to 1 
that the next spring will be colder than the present spring, 
but if the present spring is colder than the average the 
probabilities are 2.6 to 1 that the next spring will be 
warmer 

The ratio of comparison is higher with but one or two 

exceptions which are probably due to the data on the basis 
of freezing and thawing than on the basis of temperatures. 
Evidently the integrated effect of water is superior to 
direct averaging of the thermometer data themselves. 
TABLE 1.-The freezing and thawing record of Lake Momna,  Madi- 
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TABLE 2.-The freezing und t h a w i n g  rcrord of Lake hlendota, 
Madison, Wis. 
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15. 2 
23.9 
31.1 
27.8 
22.9 
21.3 
17.2 
1 2  6 
14.7 
21.8 

m. 2 

189P.19M. .............. 
1800-1g01 ............... 
1801.lW)Z ............... 
lW)>lO3. _ _  _ _  . .-. . -.. _ _  
1903-1904 ............... 

6 
25 
8 
7 

14 
2 

26 
18 
8 

11 
18 
12 
10 
2 
24 
19 
30 
29 
10 
41 
8 

37 
21 
17 
7 

33 
10 
18 
17 
12 
5 

24 
33 
45 
26 
27 
16 
4 

28 
36 
21 
17 
9 

. - -. . - . 
14.4 
12.2 
9.8 
9. 6 

12.3 
16. 1 
16. 2 
13.8 
13.6 
12. 5 
12. 5 
9.9 

11.3 
17. 3 
22. 6 
25.4 
24.6 
23.6 
24.0 
24.4 
24.8 
21.4 
14. 1 
11.8 
15.3 
17. 1 
16.3 
14. s 
12. 6 
14.0 
22. 1 
31.6 
34. 8 
30.8 
23.7 
17. 1 
16.4 
22.8 
27. 1 
23.4 
17. 8 
li. 3 

1858-59 . - -. -. . -. -. . - - - -. 
18.. ................. 
186c-61- ............... 
1861-62.. ................ 
1962-63- ................ 
1863-64. ................ 
18M-65. ................ 
1 8 6 ~ 6  ................. 
lS(j(t-67 ................. 
1867.. ................. 

................ 

180~-1905 ............... 
1805-1806.. ............. 
1 9 0 ~ 1 9 0 i  ............... 
1908-1909. - - -. . - -. -. -. . 
1M(I-1310 ............... 
1910-1911. .............. 
1911-1912 ............... 
1012-1913. .............. 
1913-1914. - ..- - .. __.. 
I914-IY15 ............... 
1915-1~16 ............... 
191.191. ............... 
1917.191~ ............... 
1918-1919. .............. 
1919-19. ............... 
1920.1931 ............... 
1921-19~2 ............... 
1922-1923 ............... 
1323-1924. .............. 
1931-1925 ............... 
192~1920. - _ _  ..__._ __._ 
193rl927. - ._ - - _ _  - - - 
1927-19%. ____._ _ _  .-. ~ - .  
1928-1929 ................ 
1929-1930. - - _ _ _ _ _ _  ___ -_  
1930-1931 ............... 
1931-1932 ............... 
1932-1933- - _ _ _ _ _ _  ____. ~ 

1933-19~4---------.---.- 
188&1'J35. - _ _ _ _ _ _  _ _ _ _  - - 
193.5-1936. - _ _ _ _ _  _ _  _ _  _ _  
193~1937 ............... 
1937-1938- _ _ _ _  _ _  - - - 
193.31939 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
1939-1940- - - 
1940-1941 - - -. - - - - - - 

igni-iyo8 ............... 

- - - - - - -. . - - 

1869-70 ................. 
1370-71- ................ 
1871-72. ................ 
1872-73. ................ 
1873-74 ................. 

1875-76. _________. . ____. 
1876-77. ................ 
1877-78. ................ 
1878-79. - ___._ ~ _.___. . -. 
1879-80. ................ 
1880-81 ................. 
1881-83- _ _  _ _  - - -. -. -. - -. 
188 3-83.... ............. 
1983-R4- .__-. - ~ .  .______. .~~~ 
1884-85 ................. 
1885-86- _ _  _ _  - - _ _  _ _  - - - - - - 
1886-87 ................. 
1s87-88. ................ 
189889- ................ 

Average _ _ _ _ _ _ _ _ _ _  19.7 1 Dec. 20 
37.3 

Apr. 6 
108. e 

~. 

......... 
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moothed 
date 

SEPTEMBER 1943 

f n’isconsin, Minnesota, and 
11s after Oct. 51 

SPdW 
thaw, 

days aftei 
Feb. 28-3 

TABLE 3.-The freezing and thawing record of Lake Wingra, 
Madison, Wis. 

Length 
if frozen 
period 
in days 

TABLE L-Fall freezing records 
Michigan rivers-( 

Smoothed 
length 

. .  

moot.hed 
date 

. - - - - - - - 

. - - -. - - -. 
25. I 
25. 1 
21.6 
23.3 
23.1 
25.0 
n. 3 
26.3 
25.8 
2s. 9 

*31.8 
30.1 

‘25.9 
20.6 

. - - - - - - - - _ - - _ _ - _ _ _  

.--__--- ~ 

- - 
MIn. 

nesota 

9 
%I 
23 
60 
2 

41 
44 
44 
45 

-45 
44 
24 
24 

‘28 
33 
38 
10 

020 
30 

70 
85 
96 

136 
71 

101 
121 
112 
102 

116 
84 

_ _ _ _ _ _ _ _ _  
_ _ _ _ _ _ _ _ _  

110 
85 

_ _ _ _ _ _ _ _ _  

- _ _  - _ _  - - - - 
100.2 
105.1 
100.6 
102.1 
109.6 
112.9 
116.3 

O110.6 
113.1 
104.2 

*106.4 
*114.6 
*116.2 
109.8 _ _ _ _  ~ - _ _ _  

- - - - - - - - - 

moothed 
date 

Lake 

“t:,’ 
days aftel 

Der. 31 

Michl- 

rivers, 
days 
altcr 

Feh. 723- 
28 

gan 
Smoothed 

ddte 

Winter Wis- 
consin 

I 
moothed Mich- 

date 1 lpnn moothed 
date 

13.5 
7.0 

10.0 
1.0 

10.0 
21.0 
14.5 
6.0 
5. 5 
8.5 
2.8 

9.0 
15.0 
12. 2 
11.2 
6.6 
. 5  

16.8 
-1.2 
18.8 
9.5 -. s 

18. fi 
3.6 -. 4 
4.8 
8.3 

16.0 
-. 6 

-1.1 
7.0 
7.0 

13. 5 
16.0 
16. 5 
5.4 

7. n 

17.3 
4.0 
9.0 
5.6 

11.5 
11.3 
6.3 

12. fi 
6.5 
6.5 
. 3  

3.3 
12.0 
21.3 
11. 2 
19.4 
10.5 
6.0 
20.0 -_ 4 
1% 0 
12.0 
5.8 
2.0 
9. 5 

17. 5 
5.5 
1.3 

1.6 
4.4 

-fi. 0 
13. 5 
24.0 
15.0 
.8 .s 

6.8 
Dec. 7 

in. 4 

- 

I- 
- - - - - - - -. 

. -. . -. . - 
7.3 
7. 1 
10.8 
14.4 
13.2 
9.1 
6.4 
4.7 
3.7 
5. 0 
9.5 

12.0 
12. 1 
9.9 
7 2  
6.2 
7. I 
9.1 

10. 1 
9.2 
8.2 
8.3 
6. 2 
3.0 
5.0 
8. 2 
8.8 
4.4 
2. 1 
4.9 
8. 1 

12. 3 
14.3 

- - -. - - -. . 
-. - -. . -. 

- - - - . - - - . - - - - - - -. . 

- - - -. . - -. 
31.6 
33. 1 
30. 2 
33.4 

44.1 
44.6 

*43.4 
37.8 
30.1 
26.8 

-28.5 
30.6 
27.2 

121.7 

40.7 

_________I__-____--- -__- -___-  _____-----  - - _ _ - _ - - I  

Interpolated. 

TABLE 4.-The fhawing records of Rock Lake and Lake Geneva, Wis .  
Frab Frank Foote kept the record from 1887 to 1916, and Charles 
Kliest from 1918 Lo 1940. Dr. Edwin n u s t  kept the Lake Geneva 
record - - 

moothed 
date 

Rock 
Lake 
thaw, 

days alter 
Feb. 28-25 

Winter 

Average _ _ _ _ _ _ _ _ _  - _ _ _ _ _  _ _ _  _ _ _  1: 
Dee. 8 

TABLE 6.-Spring-thawing record of Wisconsin, Minnesota, and 
Michigan rivers 
- - 

noothec 
date 

Wiscon- 
sin 

rivers, 
days 
alter 

Feb. ‘2% 
29 

Mlnne 
sots 

rivers, 
days 
nfter 

Jan. 31 

Winter 
mootnei 

date 

01.0 
40.3 
40.3 
47.0 
68.0 
44.8 
33.6 
41.5 
s7.7 
40.8 
39.7 
34.5 
60.0 
5i. 0 
38.7 
35.1 
42.5 
GI. 0 

41 0 
51. 2 
37.3 
47.5 
53.5 
48.8 
37.4 
49. 1 
34.4 
45.4 
83.0 
2s. 8 
88.0 
64.7 
48.8 
47.8 
41.4 
40.8 

39. a 

17.5 
26.0 
12.0 
15.5 
25. I 
24.3 
32.7 
23.0 
17.0 
25.0 
15.5 
17.3 
31.8 
12.7 
17.5 
31.2 
30.0 
34.3 
20.4 
3.8 

30. 8 
6.3 

25.8 
42.0 
35.0 
20.3 
22.3 
6.0 

?I. 8 
20.5 
20.3 

-6.3 
21.7 
21.8 
15. 7 
19.6 
22.3 

021.2 
Mar. 21 

__-_.-_ 
44.4 
47.5 
49.3 
45.2 
40.1 
88.7 
39.3 
39.4 
39. 2 
41.5 
443.5 
47.9 
43.3 
40.6 
43.9 
46.7 
45.3 
44.0 
44.2 
44.6 
46.6 
48.3 
48. 3 
43.5 
42. 1 
41.6 
41.2 
41.0 
44,3 
51.4 
54.0 
50.6 
47,l - - - - - - - 

- - - - - - - - - 
. - - - - - - - 

. - - - - - - . 
17.6 
18.4 
22.4 
26. 1 
28.8 
24.1 
21.4 m. 0 
18.4 
20.7 
21.5 
20.1 
21.4 
26.5 
30.0 
27.6 
21.0 
18.8 
17.0 
18. 4 
25.9 
32.6 
31.7 
24.9 
IS. 5 
15.8 
17.5 
18.1 
14.3 
12.3 
16.5 
19. s 
19.4 

Average. _ _ _ _ _ _ _ _ _  ‘42.8 85.2 
Mar. 26 

Based on original data. *Interpolated. 
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moothed 
date 

TABLE 7.-Average freezing and thawing dates for Wisconsin, 
Minnesota, and Michigan rivers combined 

Thawinq z;; 
nfter Nov 

30 

TABLE &-Length of closed period, Wisconsin, Minnesota, and 
Michigan rsver s-Con t i n ued 

101.4 
100.6 
97.3 
95. 7 
95. 2 
95.4 
96.3 
97.0 
99.6 

102.9 
101.0 
95.9 

- 
moothed 
length 

103.0 
101.9 
96.4 
93.6 
95. 5 
87. 6 
97. 7 

102.3 
105.1 
105.9 
101.9 
92. 6 

~ - - - - - - -. 

._______ _ _ _ _ _ _ _ _  
84.2 
89.3 
89.1 
93.4 
79.0 _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  

.______- 

........ 

........ 

_ _ _ _ _ _ _ _ _  
.-_--.-- 

44.2 
46.1 
46.5 
41.3 
34.2 

34.1 
35.6 
36.3 
38.0 
40.0 
40.0 
40.4 
42. 7 
41,. 2 
4i. 6 
45.2 
42.8 
42.4 
42.8 
45.8 
48.9 
48.7 
45.G 
42. 1 
40.1 
4J. S 
40. 7 
3s. 3 
39.2 

48.2 
46. 1 

a1.7 

44.9 

_ _ _ _ _ _ _ _ _  
........ 

_ - _ _ _ _ _ -  ~ 

15.8 
4.8 
9.3 
4.3 

10.2 
13. t 

7.6 
11.5 
5.2 
1.3 

-.9 
4.5 

11.2 
18. 1 
12.7 
17.8 
8.4 
1.9 

19.9 -. li 
1s. 2 
13. 6 
2.5 

15.9 
8.6 

10.2 
4.2 
ti. 3 

13. 4 
-2.3 

2. 1 
-.5 

15.6 
13. 3 
6.S 
2.7 

8,s: 
Dec. 9 

in. 7 

-- 

Comparison of- Basis 

Average 

Warmer Colder 

Colder I Warmer Colder I Warmer 

Fall and following fall ......... 
........................ Do 

Fall and following spring ...... 
........................ Do 

Spring and following spring..- 

Spring and following fall.-- ... 

Do ........................ 
Winter and following winter. . 

Do ........................ 

Previous year. ...................................... 
Succeeding year. 68. 73 31.27 37.24 62.76 
Average 
Average ......... 62.40 47.60 63.84 46.16 
Previous year. ...................................... 
Succeeding year. 48.32 51.68 50.49 49.51 
Average 
Average ......... 47.86 52.14 52.32 47.62 
Previous year.. ..................................... 
Succeeding year. 64.04 35.96 30.78 69.22 
Previous year. ...................................... 
Succeeding year. 57.20 42.80 47.50 52.50 
Average ............................................. 
Average ......... 53.38 46.62 50.25 49.75 
Previous year.. ..................................... 
Succeeding year. 60.66 39.34 35.10 64.90 
Average ............................................. 
Average ......... 46.59 53.41 49.74 50.26 

............................................. 

............................................. 

moothed 
average 
lrngth 

Mich. 
grin 

................. 

................. 
101.0 
1111. 5 
94.5 
90.0 
83.7 
87.3 
80.9 

95.7 
9s. 7 
91.3 
88.2 
S9. 7 
95.0 
89. 5 
9R.4 
95. 5 
94.2 
93.4 
96.6 

93.0 

........ 

........ 

........ 

........ 

........ 

........ 

.__----- 

........ 

........ 

........ _ _ _ _ _ _ _ _  

........ 
48.0 
71.1 
69.0 

69.0 

76.4 

........ 

_ _ _ _ _ _ _ _  
__--_-_. 

......... 

......... 
101.4 
105.6 
105.6 
102.4 
101.2 
102.7 
103.9 
104.9 
107.2 
106.2 
100.9 
69.5 

104.6 
110.5 
110.7 
104.4 
89.3 
98.3 
99.5 

106.8 

80.0 
K . 4  
98.3 

113.6 
92.8 
s0.s 
79.7 
86.8 
97.3 
86.7 
96.6 

105.9 
84.0 
86.6 
90.1 
89.0 

108.7 
103.9 
78.7 

113.1 
79.3 
92.9 

Wis; 
cnnsm 
tem- 
per- 

atum 

Madi- 
son Lake 
tem- Men- 
per- dota 

ature 

I 
Wis- Xlin- 
consin nesota Aver- 
rivers rivers 'g" 

. ~ 

Warmerfalh than average ........ 22 
Nrxt fall colder than previorls ..___ 77.27 
Next fall warmer than previous..- 22.73 
Colderlalls than avprage ........ 25 
Next falls colder thau previous _ _ _ _  23.00 
Next Iall warmer than previous..- 72.00 I 36 36 36 19 19 ....... 

75.00 80.56 7 5 . 0  73. 68 i8. 95 76.74 
25.00 19.44 25.00 26. 32 21.05 23.B 
37 44 43 15 17 ....... 
21.32 36.36 30.23 26.67 29.41 p .  I6 
76. G8 63.64 GO. 77 73.33 70.59 60.84 

Liinnesota 
Rivers -9vcrage 

1900-1936 
35 

196.9 
18 
66.67 
33.33 
17 a. 53 
76.47 

. - - - - - ._ - - - - 

............ 

71.94 
28.06 

............ 
29.24 
70.76 

............ 

............ 

Com- 
bined 

averaee 
length _- 

115.8 
94. 8 
96.9 
97. 2 
91.9 
98.2 
93.0 

103.0 
86.4 

117.5 
100.5 

911. 7 
93.2 
97. 8 

moothed hflchj- 
average 
length gan 

Freezing 
detcs, Wiscon- Srnoothec 

sin leugth 

-- 
132.5 114.6 
107.4 113.8 
106.7 1ng.o 
112.7 105.0 
91.2 101.1 

104.5 99.5 
94. 5 100.3 

110.9 99.9 
84.4 99.9 

111.7 10?.0 
104.8 101.4 
92.3 _ _ _ _ _ _ _ _ _  
93.2 _ _ _ _ _ _ _ _ _  
97.8 .___.. _ _ _  

8n:oothPd 
date Winter 

_-_I- 
-. -. -. -. - 
......... 

7.3 
P. 5 
9. 3 

10. 5 

8. x 
7. 1 
4.8 
3. n 
4.9 
IO. 6 
14. 2 
15.0 
13.2 
10. 1 
3.8 
9 .3  

10. 2 
11.4 
11. 2 
10.0 
10.2 
10. 2 
8.4 
9. 1 
7.3 
4 4 
3.4 
1.6 
3 9  
8.5 

in. 1 

- - - - - - - -- 
- - - - - - - - - 
- - - - - - - - - 
- - -. - -. - - 

1800-1901..~ _ _ _ _  _ _ _ _ _  _ _ _ _ _  - -. .__ - - - - - - - - _ _  - _ _ _  
1901-2 ........................................ 
1802.3 ........................................ 
1903-4.. ...................................... 
1904-5 ........................................ 
1805-6 ........................................ 
190tj-7 _ _ _ _  - - - _ _  _ _  - _ _  - _ _  . - -. - - - -. _ _  - _ _  _ _ _ _  - - 
1907-8. - - - - - - - - _ _  - -. - - - _ _  - - - -. _ _  - - - - ~ . - - - 
1808-9 ........................................ 
1909-10 ....................................... 
1910-11 ...................................... 
1911-12 ---- 
1912-13 ....................................... 
1913-14 ....................................... 
1914-15 ....................................... 
1915-16 ....................................... 
19E-17 ....................................... 
1917-?3 ....................................... 
3918-19 .................................. 1 .... 
1919-20 ...................................... 
1920-21 ___. _ _  ________._____________ _______.__ 
1921-n ....................................... 
19?>23 ........................................ 
3823-% ....................................... 
19W25 ....................................... 
1925-26 .______________________________ ~. _ _ _ _ _ _  
102627 ....................................... 
1977-28 ...................................... 
1828-29.. ...................................... 
1939-10.-. .................................... 
193c-31._____________-___. .................... 
1931-32 ....................................... 
1932-33 ....................................... 
3933-34 ...-,-- ................................ 
3934-35 ...................................... 
1935-36 ....................................... 
193657.. ..................................... 

................. 

................. -1- Average .I 96.9 

TABLE 8.-Length of closed period, Wisconsin, Ilfinnesota, and 
hlichigan rivers 

I 

Winter Minne- 1 sota 
moothed biued 
length merage I length 

moothei 
length 

WIS- 
consin 

-- 
102.5 
95.0 
85. 5 

115.7 
104.3 
101.7 
98.5 

102.0 
109.5 
87. 0 

110.1 
115.8 
93. 7 
92. 1 

109.8 
117.7 
109.9 
77.0 

123.0 
77. 5 

106.3 

ine. o 

I-- -- 
_ _ _ _  _ - -_  
- - - - - - -. 

101.9 
103.1 
97. 8 
92. 5 
91.7 
82.5 
93.8 
86. 1 
99.8 

101.9 
96.0 
86.4 
84. 3 
80.8 
96. 5 
96. 2 
85.4 
96.3 
96. 1 
98.6 

TABLE 10.-Comparison of falls on basis of colder or uurmer than the 
average and the next ycar colder or warnier than the previoris year 

Lake 
Mo- 
n o m  

Numberofvears .................. I 47 I 73 1 80 I 79 I 34 I 36 I - -_ - - -_  

TABLE 11,-Comparison of winters on the basis of colder or warmer than the aoerage and the next colder or warmer than fhe previous year 

Lake 
Mendota 

Wisconsin 
Rivers 

Lake 
Monona 

1863-1939 
76 
22.90 

1553-1940 
83 

1 106.6 
43 
67.44 
32.56 
40 
37.50 
63.50 

1851-1940 
79 

1 111.6 
38 
71.05 
28.95 
41 
29.27 
70.73 

1900-1936 
35 

1 103.0 
16 
81. 25 
18.75 
19 
26.32 
73.68 

1891-1939 
46 
20.6' 
25 
84.00 
16.00 
21 
38.10 
61.90 

Years ....................................................................................... 
Number ol years- .......................................................................... 
Average. ................................................................................... 
Warmer winters than average .............................................................. 
Next winter colder than previous ........................................................... 
Next winter warmer than previous ......................................................... 
Colder winters than average ................................................................ 
Next winter colder than previous ........................................................... 
Next winter warmer than prevlous ......................................................... 

~ . 2 . 2 2  
38.78 
29 
20.69 
79.31 

1 Days. 
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TABLE 12.-Comparison of springs on  the basis of colder or warmer than the average and the next colder or warmer than the previous year 

1905-30 
23 

Mar.: 

71.4i 
2%. 57 

11 
43.75 
5 6 2 5  

Years ................................................. 1891-1939 1853-1939 1853-1940 
Number of years. .................................... 81 79 

............................................... 31.30 Apr. 6 
......................... 44 37 

Next spring coldor than previous ..................... 72.73 54.55 75.68 

Average 
Warmer springs than average 

Next spring warmer than previous .................... 27.27 4.5. 45 24.32 
.................................. 37 42 

.................... 37. 84 23.81 
Next spring warmer thau previous .................... 76.19 

Colder than avcrage 
Next spring colder than previous. 

i90o-i930 1887-1940 .......... _ _  
24 48 ............ 

Mar. 26 Mar. 31 ............ 
9 25 ............ 

77.78 so. 00 74.01 
22.22 20.00 25.99 

15 23 ............ 
26.67 34.78 27.62 
73.33 65.22 72.38 

Lake 
Monona 

1851-1940 

80. no 

81 
Apr. 4 

40 

20.00 
41 

24. 30 
75.61 

Wisconsin 
rivers 

19M)-1936 
36 

Mar. 21 
18 

83.33 
16.67 

IS 
16.67 
83.33 

Minnesota 
rivers 

-- 
1900-1936 

35 
Apr. 7 

17 
70.59 
29.41 

18 
16.67 
83.33 

Michigan 1 Lake 1 1 Average 
rivers Geneva of all 

~ ~ 

METEOROLOGICAL AND CLIMATOLOGICAL DATA FOR SEPTEMBER 1943 
[Climate and Crop Weather Division, J. B. KIXCER, in charge] 

AEROLOGICAL OBSERVATIONS 

NOTICE.-Effective with the December 1942 issue, the publication of table 1 (RAOB summaries) was discont,inued indefinitely.- 
EDITOR. 
TABLE Z-Free-air resultant wtncls based on  pilot-balloon observations made near 5 p .  m. (75th meridian t ime) during September 1943. Direc- 

t ions given in degrees j rom Lvorth (N=S6O0, E=90°, s=180°, W=27Oo). T7elocities in meters per second __ 
Abilene, Albuquer- Atlanta, Billinas, Bismarck, Browns- Bubalo, Burlin? Charlcs- Cincin- Denver. El-Paso, 

(538 m.) (1,630 m.) (299 m.) (1,095 m.) (512 m.) (870 m.) (7 ni.) (220 m.) (132 m.) (17 m.) (152 m.) (1,627 m.) (1.196 m.) 
1 Tex. lque,K.Mex/ Ga. 1 Mont. N. Dak. 1 2% I viile, Tex. 1 N. Y. 1 ton, Vt. I ton, S. C. 1 nati, Ohio 1 Colo. 1 lex.  

Ely, Sev. /Grand Tunc- Greensboro, Havre, Jackson- To!iet,, Las Vcgas, Litth Rock, Xledford, Miami, 1 Mohile, Nashville, New Pork, 
(1,910 n,.) 1 t h ,  Cclo. 1 N. C .  I M m t .  1 viile, Fls. 1 Ill. 1 Nov. I ?rk. 1 Oreg. 1 3%. Ala. Tenn. 1 N. Y. 

(1,413 m.) (271 m.) (767 m.) (16 m.) (17s m.) I (573 m.) (58 m.) (410 m.) (15 m.) 1 (66 ni.) (194 m.) (15 m.) 
_____!p-.-.--pl -.__I__-. -- 
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